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I .  IirrRODUCTION 


The  performance  of  E- bean-pumped,  high-pressure  XeF  lasers  depends 
directly  on  the  kinetic  processes  that  produce  and  remove  the  vibronic  levels 
of  the  upper  electronic  state,  (and  also  the  coupled  state),  and  of 
the  lower  state,  X^r‘*',v”.  In  particular,  laser  performance  depends  on  the 
removal  of  the  lower  levels  by  vibrational  redistribution  or  by  dissociation 
of  the  weakly  bound  XeF(X).^  Rapid  dissociation  of  the  ground  state  prevents 
the  population  of  the  lower  levels  of  the  laser  transitions  from  building  up 
and  shutting  off  the  laser  action  before  a  significant  fraction  of  the  avail¬ 
able  excitation  energy  is  extracted.  A  knowledge  of  the  values  of  the  rate 
coefficients  for  the  dissociation  and  vibrational  relaxation  of  XeF(X)  is 
required  for  modeling  the  performance  of  the  XeF  laser. 

1  P 

It  is  known  »  that  the  efficiency  of  the  XeF  B  ♦  X  laser  improves  with 
temperature,  at  least  up  to  about  425  K.  One  explanation  for  this  increased 
efficiency  is  that  the  rates  of  vibrational  relaxation  and  dissociation  of  the 
ground  state  increase  with  temperature  faster  than  the  rates  of  processes  that 
remove  the  upper  state  or  otherwise  lower  the  gain  of  the  laser.  If  an  inert 
gas  could  be  added  to  the  laser  mixture  to  remove  rapidly  the  lower  levels  of 
the  laser  transitions  without  significantly  deactivating  the  upper  levels,  the 
efficiency  of  the  laser  could  be  Improved. 

In  previous  studies,  Fulghum  et  al.^’^  and  Bott  et  al.^  have  studied  the 
removal  and  redistribution  of  XeF(X)  by  helium,  neon,  argon,  and  XeF2.  They 
found  the  removal  rates  to  be  similar  for  helium,  neon,  and  argon  but  much 
faster  for  XeF2.  We  have  extended  these  studies  to  additional  collision 
partners  Including  krypton,  xenon,  carbon  dioxide,  nitrogen,  and  sulfur  hexa¬ 
fluoride  to  determine  if  such  collision  partners  might  have  removal  rates  as 
fast  as  that  for  XeF2. 
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II.  EXPERIMENTAL  METHOD  AND  RESULTS 


A  convenient  method  of  obtaining  ground  state  XeP  is  the  ultraviolet  (UV) 
photolysis  of  XeF2  with  a  15-nsec  ArP  excimer  laser  pulse  at  193  nm.  The 
photolysis  cam  produce  XeP(X,v)  directly  or  can  produce  electronically  excited 
XeF(B),  which  decays  with  a  l^l-nsec  lifetime^  to  the  ground  electronic  state, 
XeF(X,v}.  Selected  vibrational  levels  of  the  ground  state  are  monitored  with 
a  frequency-doubled  continuous  wave  (cw)  ring  dye  laser  tuned  to  absorption 
features  near  350  nm.  A  schematic  of  the  apparatus  Is  shown  In  Pig.  1.  The 
tunable  dye  laser  beam  passes  through  the  cell  containing  the  photolytlcally 
produced  XeF(X)  and  is  monitored  with  a  photomultiplier  whose  signal  is 
recorded  with  a  transient  digitizer  and  then  averaged  at  the  laser  repetition 
rate  of  5  Hz.  The  absorption  of  this  dye  laser  beam  depends  directly  on  the 
concentration  of  the  selected  vibrational  level  of  XeP.  Therefore,  the 
removal  rate  of  that  level  by  dissociation  and  vibrational  relaxation  can  be 
determined  from  the  time  behavior  of  the  transmitted  signal.  The  details  of 
the  data  collection  and  analysis  have  been  previously  described  In  Ref.  5. 

An  absorption  feature  In  the  3-^0  band  at  a  nominal  wavelength  of 
353.323  nm  (vacuum)  was  used  for  measurements  of  the  removal  rates  of 
XeP(X,v  =  3).  The  wavelength  before  doubling  was  measured  with  a  Burleigh 
wavemeter  Model  WA-20  with  an  accuracy  of  0.001  nm.  This  translates  to  an 
accuracy  of  0.0005  nm  near  350  nm  for  the  doubled  dye  laser.  The  absorption 
profiles  observed  for  v  =  3  showed  a  fast,  instrument-limited  rise  time  fol¬ 
lowed  by  a  double-exponential  decay.  An  exeunple  of  the  measured  absorption 
profiles  is  shown  in  Pig.  2  for  XeF(X,v  s  3)  in  N2  at  a  total  pressure  of 
7.4  Torr.  The  solid  curve  drawn  through  the  measured  profile  is  the  least 
squares  fit  of  an  expression  containing  two  exponentially  decaying  terms.  The 
fit  of  such  expressions  to  the  measured  profiles  enabled  us  to  extract  the  two 
decay  rates.  The  first  exponential  decay  rate  can  be  attributed  to  vibra¬ 
tional  relaxation  processes  that  drive  the  population  of  v  s  3  into  equil¬ 
ibrium  with  the  other  vibrational  populations.  At  long  times,  the  several 
vibrational  levels,  coupled  together  by  the  fast  vibration-to-translation 
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Fig.  1.  Schematic  of  Experimental  Apparatus 
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(V-T)  vibrational  relaxation  processes,  decay  with  a  single  exponential 
rate.^  Thus,  the  v  =  3  level  is  initially  overpopulated  with  respect  to  the 
slow  decay  portion  of  the  traces  at  longer  times,  whereas  the  v  :  0  and  1 
levels  are  underpopulated.  XeF  laser  transitions  terminate  on  v  =  2,  3i  and  4 
so  that  the  removal  rate  of  v  =  3  is  Important  to  the  operation  of  the  excimer 
laser. 

The  initial  decay  rates  of  XeF(X,v  =  3)  measured  in  krypton  and  xenon  are 
shown  in  Fig.  3;  those  measured  at  longer  times  are  plotted  in  Fig.  4.  Like¬ 
wise,  the  initial  and  long-time  decay  rates  of  XeF(X,v  =  3)  measured  in  nitro¬ 
gen  and  carbon  dioxide  are  shown  in  Figs.  5  and  6,  respectively.  In  the 
present  experiments  and  those  of  Ref.  5,  the  peak  signal  was  found  to  decrease 
as  the  diluent  pressure  was  Increased  even  though  the  partial  pressure  of  the 
XeF2  was  kept  constant.  Therefore,  the  limiting  pressure  that  could  be 
studied  was  determined  more  by  the  loss  of  signal  than  by  the  time  response 
limitations  of  the  detection  system.  The  signal  loss  was  most  pronounced  for 
xenon,  and  only  a  few  low-pressure  decay  rates  could  be  measured.  However, 
the  decay  rates  obtained  in  xenon  were  consistent  with  the  rates  measured  with 
krypton  diluent. 

Decay  rates  of  XeF(X,v  =  0)  measured  in  SF^  at  long  times  are  plotted  in 
Fig.  7.  For  the  v  =  0  measurements,  we  chose  an  absorption  feature  in  the 
0  5  band  near  a  nominal  wavelength  of  329.563  nm  (vacuum),  as  indicated  by 

the  wavemeter.  The  XeF(X,v  =  0)  absorption  profiles  measured  in  SFg  differed 
somewhat  from  the  profiles  recorded  previously  in  the  rare  gases. ^  The  rising 
portion  of  the  profile  (after  the  initial  production  of  the  v  =  0  state)  was 
more  pronounced  in  the  case  of  the  rare  gases  so  that  am  initial  rise  rate 
could  be  determined.  However,  the  rising  portion  of  the  profile  observed  in 
the  presence  of  SFg  was  too  small  to  yield  an  exponential  rise  rate  with  any 
accuracy,  so  only  the  long-time  decay  rates  were  determined.  A  possible 
explanation  is  that  SFg  affects  the  initial  distribution  over  the  vibrational 
manifold  of  XeF. 

Rate  coefficients  were  determined  from  the  slopes  of  the  data  plotted  in 
Figs.  3  through  7  and  are  listed  in  Table  I.  The  rate  coefficients  determined 
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Fig.  5.  Initial  Decay  Rates  of  XeF(X,v  =  3)  in  Nitrogen  and  Carbon  Dioxide  at 
0.50  Torr  Partial  Pressure  of  XeF2. 
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Fig.  7.  Decay  Rates  of  XeF(X,v  =  0)  at  Long  Times  in  Sulphur  Hexafluoride  at 
0.50  Torr  Partial  Pressure  of  XeFg 
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Table  I.  Rate  coefficients  for  the  various  collision  partners 


Collision  V  Dissociation  rate  coefficient  Relaxation  rate  coefficient 


partner 

10^(sec-Torr)~^ 

cm^/molec.sec 

lO^(sec-Torr)"^ 

cm^/nolec.sec 

He 

0-4 

2.0±0.2 

6.2E-13 

3.010.4 

9.3E-12 

Ne 

0-4 

2.0±0.2 

6.2E-13 

3.010.4 

9.3E-12 

Ar 

0,1 

2.5±0.2 

7.7E-13 

Kr 

3 

1.610.2 

4.9E-13 

2.810.3 

8.7E-12 

Xe 

3 

1.610.3 

4.9E-13 

2.810.6 

8.7E-12 

3 

4.110.5 

1.3E-12 

8.811.2 

2.7E-11 

sFe 

0 

6. 110.6 

1.9E-12 

CO2 

3 

6.811.0 

2. IE-12 

1912 

5.9E-11 

XeFg 

0-4 

5017 

1.5E-11 

70110 

2.2E-10 

16 


from  the  initial  decay  rates  of  Figs.  3  and  5  are  labeled  relaxation  rate 
coefficients  in  Table  I;  those  determined  from  the  decay  rates  at  longer 
times — shown  in  Figs.  4,  6,  and  7 — are  labeled  dissociation  rate  coeffi¬ 
cients.  The  intercepts  of  Figs.  3  and  5  and  of  Figs.  4,  6,  and  7  represent 
vibrational  relaxation  and  removal  processes  due  to  the  presence  of  the  nomi¬ 
nal  0.5  Torr  of  XeF2  in  the  gas  mixtures.  However,  the  more  accurate  rate 
coefficients  reported  in  Ref.  5  for  XeF2  are  preferred. 

All  of  the  measurements  were  performed  at  room  temperature  (23±2®C)  with 
the  partial  pressure  of  XeF2  maintained  at  0.5±0.05  Torr.  The  gases  used  in 
the  experiments  included  Spectra  Gases,  Inc.,  research  grade  krypton  (99.995%) 
and  xenon  (99.995%);  Air  Products  UHP  nitrogen  (99.995%);  M.  G.  Gases  CP  grade 
sulfur  hexafluoride  (99.8%);  and  Alphagaz  research  grade  carbon  dioxide 
(99.998%). 
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III.  DISCUSSION 


The  rate  coefficients  deduced  from  the  present  data  are  sumnarized  in 
Table  I,  including  the  results  from  Ref.  5  for  helium,  neon,  argon,  and 
XeF2.  The  vibrational  relaxation  rates  are  listed  as  reciprocal  relaxation 
times  and  also  as  rate  coefficients  in  units  of  cm^ /molecule-sec ,  obtained  by 
multiplying  the  reciprocal  relaxation  time  by  RT,  the  product  of  the  gas 
constant  and  the  temperature.  We  have  neglected  the  factor  of 
(1  -  exp(-  hv/RT)),  which  would  be  required  for  a  state-to-state  rate  coeffi¬ 
cient  for  a  harmonic  oscillator.  Although  the  removal  rates  were  obtained 
from  the  decays  of  vibrational  levels  v  =  0  and  3,  they  are  representative  of 
the  removal  rates  of  the  whole  electronic  ground  state  of  XeF.  The  fast 
vibrational  relaxation  of  XeF(X,v)  by  the  diluent  gas  drives  the  initial 
populations  into  a  coupled  distribution  over  the  vibrational  manifold.  There¬ 
after,  the  populations  of  the  several  vibrational  levels  decay  with  a  common 
exponential  decay  rate  coefficient.  Although  the  vibrational  populations 
decay  at  the  same  exponential  rate,  they  may  not  fit  a  Boltzmann  distribution 
over  the  vibrational  manifold.  This  may  be  particularly  true  for  the  higher 
vibrational  levels,  which  can  be  expected  to  have  much  larger  state-to-state 
rate  coefficients  than  the  lower  levels.  The  present  measurements,  however, 
were  not  designed  to  determine  the  relative  distribution  over  the  vibrational 
manifold. 

All  the  removal  rate  coefficients  obtained  for  the  rare  gases  have  simi¬ 
lar  values.  The  removal  rate  coefficient  for  argon  is  larger  than  those  for 
helium  and  neon  by  only  25%\  those  for  krypton  and  xenon  are  smaller  by  20%. 
Although  the  removal  rate  coefficients  are  very  similar,  the  cross  sections 
calculated  from  these  rate  coefficients  differ  by  as  much  as  a  factor  of  3.5 
for  helium  and  argon  because  of  their  different  collision  frequencies.  The 
calculated  dissociation  probabilities  are  listed  in  Table  II  and  range  from 
1.3  «  10"^  for  helium  to  3.6  x  10“^  for  argon.  The  mass  and  velocity  of  the 
collision  partner  are  expected  to  affect  the  dissociation  probability  In  a 
collision  with  XeF,  so  that  the  similarity  of  the  rate  coefficients  (collision 
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Table  II.  Collision  probabilities  for  XeF  dissociation 


Collision 

Collision 

Molec. 

Reduced 

‘‘dis 

•'kin 

Prob.“ 

Partner 

diameter^ 

Ht. 

mass 

(sec-Torr)"^ 

He 

2.576 

4 

3.90 

2.0E+04 

1.5E+07 

1.3E-03 

Ne 

2.789 

20.2 

17.81 

2.0E-^04 

7.6E+06 

2.6E-03 

At 

3.418 

40 

31.59 

2.5E+04 

6.8Et-06 

3.6E-03 

Kr 

3.61 

83.8 

53.80 

1.6E+04 

5.4E+06 

3.0E-03 

Ze 

4.055 

131.3 

70.08 

1.6E+04 

5.3E+06 

3.0E-03 

XeF 

4.3 

150.3 

75.15 

N2 

3.681 

28.0 

23.62 

4.1E+04 

8.4E-^06 

4.9E-03 

5.13 

146.1 

74.09 

6.1E+04 

6.6Ef06 

9.2E-03 

COg 

3.952 

44.0 

34.04 

6.8E+04 

7.5E+06 

9. IE-03 

XgF^ 

4.3 

169.3 

79.62 

5.0E+05 

5.3E+06 

9.4E-02 

®Prob.  =  k 
,5  .  (D,  . 

‘'tin 

D2)/2,  and  m  is  the 

=  2.57  X  10^ 
translational 

B 

reduced 

(sec-Torr)"\ 
mass  in  amu. 

'Collision  diameters  taken  from  Ref.  7,  except  for  XeF  and  XeF2,  which  have 
been  estimated. 
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rate  »  probability)  must  be  coincidental.  Similarly,  there  is  not  much  varia¬ 
tion  in  the  rate  coefficients  for  vibrational  relaxation  by  the  rare  gases, 
which  are  also  listed  in  Table  I.  The  dissociation  rate  coefficients  for  the 
molecular  collision  partners  are  larger  than  those  for  the  rare  gases  by 
factors  between  2  and  3.5  for  N2,  SFg,  and  CO2  and  by  a  factor  of  about  25  for 
XeFg. 

The  rate  coefficient  for  the  recombination  of  Xe  and  F  atoms  can  be 
calculated  from  the  XeF  dissociation  rate  coefficient  and  the  equilibrium 
constant.  The  equilibrium  constant  was  calculated  from  spectroscopic  and 
thermochemical  data  for  the  atoms®  and  for  XeF^  using  statistical  thermo¬ 
dynamics.  For  temperatures  between  273  and  500  K,  the  equilibrium  constant 
can  be  expressed  as 

Keq  =  1.197  *  10"23  *  tO.267  exp(l464/T)  cm^  (1) 

(The  t®*267  inadvertently  omitted  from  this  expression  when  it  was 

previously  printed  in  Ref.  5;  however,  the  correct  equation  was  used  in  the 
calculations  reported  in  that  reference.)  With  a  value  of  7.45  *  10"^^  cm^ 
for  Kgq  at  298  K,  we  calculate  a  value  of  4.6  x  10"^^  (cm^/molecule)^/s  or 
10^'^  (L/mol)^/s  for  the  recombination  rate  coefficient  for  Xe  ♦  F  in  the 
presence  of  helium  or  neon.  Benson^^  has  tabulated  atom  recombination  rate 
coefficients  and  noted  that  they  all  seem  to  lie  near  (L/ido1)^/s  at 

300  K.  With  the  exception  of  M  =  XeF2,  the  present  recombination  rate  coef¬ 
ficients  range  between  10^’^^  (L/mol)^/s  for  Kr  and  Xe  and  (L/mol)^/s 

for  CO2 — values  which  are  well  within  the  limits  noted  by  Benson. 

Dissociation  rate  coefficients  typically  can  be  described^ ^  by  an  equa¬ 
tion  of  the  form  A  x  T^-5-n  „  exp(-E/RT),  where  E  is  the  bond  dissociation 
energy  and  n  depends  on  the  degrees  of  freedom  participating  in  the  activation 
of  the  molecule  (1  for  each  vibration  and  1/2  for  each  rotation).  Rate  coef¬ 
ficients  are  reported  in  Ref.  5  for  the  dissociation  of  XeF(X)  by  helium  and 
neon  between  296  and  368  K.  A  least  squares  fit  to  these  data  gives  E  s  962 
cm"^  for  T®  or  E  =  1077  cm"^  for  Since  the  spectroscopic  value^  of  the 

dissociation  energy  is  1063  cm"^,  the  temperature  dependence  appears 
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reasonable  for  a  unimplecular  reaction  in  the  low-pressure  regime  with  one 
vibrational  degree  of  freedom  contributing  to  the  activation. 

Fulghum  et  al.^  suggested  that  the  vibrational  relaxation  rate  coeffi¬ 
cients  such  as  those  listed  in  Table  I  should  not  be  Interpreted  as  state-to- 
state  rate  coefficients  but  rather  as  weighted  averages  of  the  VT  rate  coef¬ 
ficients  for  several  vibrational  levels.  This  is  consistent  with  the  observa¬ 
tion^  that  the  relaxation  rates  for  XeF(X,v)  relaxing  in  helium  and  neon  for 
V  =  3  and  agree  with  those  for  v  =  0.  It  is  clear  from  Table  I  that  there 
is  a  qualitative  relation  between  the  dissociation  rate  coefficients  and  the 
vibrational  relaxation  rate  coefficients  obtained  for  the  different  collision 
partners.  The  vibrational  relaxation  rate  coefficients  are  about  16  to  20 
times  larger  than  the  dissociation  rate  coefficients — except  for  COg,  which 
has  a  ratio  of  28.  The  vibrational  relaxation  rate  coefficient  for  XeF2  has  a 
value  of  70  »  10^  (sec-Torr)“\  which  is  30?  larger  than  the  gas  kinetic  rate 
coefficient  calculated  on  the  basis  of  a  4.3  A  collision  diameter.  Fulghum  et 
al.  suggested  that  this  large  value  is  the  result  of  the  near  resonance 
between  the  bending  mode  of  XeF2  (212  cm“^)  and  the  0->1  vibrational  transi¬ 
tion  of  XeF  (204±4  cm"^.  It  is  not  clear  whether  this  near  resonance  can 
account  for  the  rapid  dissociation  as  well  as  vibrational  relaxation. 

Although  the  rate  coefficients  presented  here  cannot  be  interpreted  as 
state- to-state  rate  coefficients,  they  can  be  used  to  test  any  theoretical  or 
model  calculations.  Fulghum  et  al.^  used  an  information  theoretic  approach  to 
generate  a  set  of  state-to-state  rate  coefficients  for  the  relaxation  of 
XeF(X,v)  by  helium  and  neon.  Their  rate  coefficient  expression  can  fit  the 
present  data  if  a  larger  value  for  their  Cy  is  used  to  generate  the  VT  relaxa- 
tion  rate  coefficients.  Their  value  of  1  *  10  cm^/molecule-sec  for  Cy  has 
to  be  increased  to  7.5  *  10"^^  cm^  molecule-sec  to  fit  our  data.  Wilkins^^ 
has  recently  calculated  vibrational  relaxation  and  dissociation  rates  using 
classical  trajectories  and  obtained  7.4  *  10“^^  cm^/roolecule-sec  for  v  =  1  to 
0  relaxation  by  neon  and  1.0  x  10“^^  by  helium.  These  state-to-state  rate 
coefficients  are  in  reasonable  agreement  with  the  present  vibrational  relaxa¬ 
tion  data. 
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Millikan  and  White^^  were  able  to  correlate  the  vibrational  relaxation  of 
a  large  number  of  diatomic  molecules  (none  contained  a  hydrogen  atom).  Their 
correlation  predicts  VT  rates  for  XeF  at  300  K  that  depend  on  the  reduced  mass 
of  the  collision  pair.  Their  correlation  yields  values  of  2.2  »  10"^^  cm^/ 
molecule-sec  for  helium  and  0.53  »  10”^^  cm^ /molecule-sec  for  xenon,  with  the 
rates  for  the  other  rare  gases  falling  between  these  values.  These  rates  are 
too  slow  compared  to  our  measured  values  of  about  9  «  10  cm^/molecule- 
sec.  Furthermore,  our  rate  coefficients  do  not  show  much  dependence  on 
reduced  mass  of  the  collision  pair. 

State-to-state  dissociation  rate  coefficients  were  also  calculated  by 
1? 

Wilkins.  He  concluded  that  dissociation  could  occur  from  any  vibrational 
level,  although  it  was  much  more  probable  for  a  collision  in  which  the  XeF  is 
in  a  high  vibrational  level.  Fulghum^  fitted  his  data  with  a  state-to-state 
collision-induced  dissociation  model  based  on  a  model  described  by  Kiefer 
et  al.^^  that  includes  a  vibrational  bias  parameter.  The  relative  dependence 
of  the  rate  coefficients  on  vibrational  level  predicted  by  this  model  is  in 
reasonable  agreement  with  the  dependence  calculated  by  Wilkins,  although  the 
rate  coefficients  are  larger  than  those  of  Wilkins  by  about  a  factor  of  1.4. 
The  present  data  can  be  fitted  with  Fulghum's  dissociation  rate  model  if  the 
above-mentioned  faster  VT  rate  coefficients  are  used.  (The  overall  removal 
rate  depends  in  part  on  the  vibrational  relaxation  rate  coefficients.)  An 
alternative  dissociation  model  is  the  "ladder  model,"  in  which  vibrational 
relaxation  processes  pump  population  from  the  lower  vibrational  levels  into 
the  upper  levels  with  dissociation  occurring  only  from  the  highest  vibrational 
relaxation  levels.  The  present  measurements  of  the  overall  dissociation  rate 
are  not  sufficient  to  choose  between  such  alternative  dissociation  models. 

Brashears  and  Setser^^  have  measured  the  quenching  rates  of  XeF(B)  for  a 
number  of  collision  partners.  They  found  the  quenching  rate  coefficients  for 
the  rare  gases  to  Increase  in  the  order  of  neon,  helium,  argon,  krypton,  and 
xenon,  with  a  total  variation  of  a  factor  of  60.  Their  smallest  quenching 
rate  coefficient,  1  x  10"^^  cm^/molecule-sec  for  neon,  is  only  slightly  larger 
than  our  value  of  6.2  x  10"^^  cm^/molecule-sec  for  the  dissociation  rate 
coefficient  of  XeF(X)  in  neon;  however,  the  xenon  quenching  rate  for  the  B 
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state  Is  much  larger  (on  the  order  of  a  factor  of  100  larger)  than  the  disso¬ 
ciation  rate  coefficient  for  XeF(X)  in  xenon.  As  mentioned  previously,  the 
peak  absorption  signal  was  found  to  decrease  as  the  diluent  pressure 
increased,  even  though  the  XeF2  partial  pressure  was  kept  constant.  The 
signal  loss  was  most  pronounced  for  xenon,  with  neon  and  helium  having  the 
least  effect.  In  fact,  the  effect  was  observed  to  increase  in  the  same  order 
as  the  quenching  rate  coefficients  measured  by  Brashears  and  Setser.^^ 
However,  it  is  not  clear  that  the  quenching  rate  coefficients  are  fast  enough 
to  compete  at  these  low  pressures  with  the  radiative  decay  rate  of  the  B 
state,  which  has  a  14  nsec  lifetime. 

In  summary,  the  rate  coefficients  for  the  dissociation  of  XeF(X)  have 
been  measured  for  several  collision  partners.  There  appears  to  be  no  advant¬ 
age  In  adding  rare  gases  other  than  neon  and  the  required  xenon  to  the  laser 
mixture  to  increase  the  removal  rate  of  the  ground  state  of  XeF.  The  dis¬ 
sociation  rate  coefficient  for  XeF  in  XeF2  is  considerably  larger  than  in  the 
rare  gases,  but  XeF2  addition  would  be  impractical  because  of  its  low  vapor 
pressure  and  its  spectral  absorption  at  the  laser  wavelengths.  The  dissocia¬ 
tion  rate  coefficients  appear  reasonable  for  a  unimolecular  reaction  in  the 
low-pressure  regime. 
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l.ABOKAn)RY  IH’KKAVIONS 


The  Aeri>sp<ict‘  Corpor^ition  l ’.inc  t  ions  .is  an  "arehi  tec  C -en^  Ineer "  tor 
national  security  projects,  specializing  in  advanced  military  space  systems. 
Pr.ivldinc.  research  support,  the  corporation’s  Laboratory  Operatiorij  conducts 
exper inenta I  and  theoretical  invest igat Ions  that  focus  on  the  application  of 
scientific  and  technical  advances  to  such  systems.  V'ital  to  the  success  of 
these  investigations  is  the  technical  staff's  wide-ranging  expertise  and  its 
ability  to  stay  current  with  new  developments.  This  expertise  is  enhrtnced  by 
a  research  program  aimed  at  dealing  with  Che  many  proble.ms  associated  with 
rapidly  evolving  space  systems.  Contributing  their  capabilities  to  tiie 
research  effort  are  these  individual  laboratories: 

Ae  rophys  Ic.s  Laboratory :  uaucich  vehicle  and  reentry  iluid  mechanics,  heat 
transfer  and  flight  dynamics;  chemical  and  electric  propulsion,  propellant 
'hemi s t ry ,  chemical  dynamics,  environmental  chemistry,  trace  detection; 
spacecraft  structural  mechanics,  contaminac ion,  thermal  and  structural 
C'uitrol;  high  temperature  thermomechari  ics ,  gas  kinetics  and  radiation;  cw  and 
pulsed  chemical  and  excimer  l.iser  development  including  chemical  kinetics, 

''^pec  c  roscopy ,  optical  resonators,  beam  control,  atmospheric  propagation, 
erfects  and  councermeastires. 

Chemistry  and  Physics  L.^horatory:  Atmospheric  chemical  reactions, 
atmospheric  optics,  light  scattering,  state-specific  chemical  reactions  and 
radiative  signatures  of  missile  plumes,  sensor  out -of -f ieid-of -view  rejection, 
applied  laser  spectroscopy,  laser  chemistry,  laser  optoelectronics,  solar  cell 
physics,  battery  electrochemistry ,  space  vacuum  and  radiation  effects  on 
materials,  lubrication  and  surface  phenomena,  thermionic  emission,  phoco- 
stMTsltive  materials  and  detectors,  atomic  freg'tency  standards,  and 
environmental  chemistry. 

tlomputer  Sc ience  Laboratory :  Program  verification,  program  translation, 
performance-sensitive  system  design,  distribjited  architectures  for  spacehorne 
omputers,  favil  t -tolerant  computer  systems,  artificial  intelligence,  micro¬ 
electronics  app 1 icat  ions ,  communication  protocols,  and  computer  security. 

Electronics  Research  Laboratory:  Microelectronics,  solid-state  device 
physics,  compound  semiconductors,  radiation  hardening;  electro-optics,  quantum 
electronics,  solid-state  lasers,  optical  propagaClc)n  and  communications; 
microwave  semiconductor  devices,  microwave/mtllimeter  wave  measurements, 
diagnostics  and  radiometry,  microwave/mi I Itmeter  wave  thermionic  devices; 
atomic  time  and  frequency  standards;  antennas,  rf  systems,  electromagnet ic 
propagation  phenomena,  space  communicat ion  systems. 

Materials  Sciences  Laboratory:  Development  of  new  materials:  metals, 
alloys,  ceramics,  polymers  and  their  composites,  and  new  forms  of  carbon;  non¬ 
destructive  evaluation,  component  failure  analysis  and  reliability;  fracture 
mechanics  and  stress  corrosion;  .analysis  and  evaluation  of  materials  .at 
cryogenic  and  elevated  temperatures  as  well  as  in  space  and  enemy-induced 
env i ronment  s . 

Space  Sciences  Laboratory:  Magnetospheric,  auroral  and  cosmic  ray 
physics,  wave -par t i c le  interactions,  magnetospheric  plasma  waves;  atmospheric 
and  ionospheric  physics,  density  and  composition  of  the  upp\  r  atmosphere, 
remote  sensing  using  atmospheric  radiation;  solar  physics,  infrared  astronomy, 
Infrared  signature  analysis;  effects  of  solar  activity,  magnetic  storms  and 
nuclear  explosions  on  the  earth's  atmosphere.  Ionosphere  and  magnetosphere; 
effects  of  elect romagnet i c  and  particulate  radiations  on  space  systems;  space 
ins  tr umentat ion . 


